Abstract -We propose a fast simulation model of wind generator with a frequency converter, such as a doubly-fed type. The aim of the model is to provide a model that can evaluate an impact of wind generator system (WG) on utility side in both transient and relatively long term normal operation. Through, some simulation software based on root mean square value, for example EUROSTAG, provides a unified method that can handle both short-term and long-term analysis. But it is difficult for RMS based model to handle with a behavior of WG with a frequency converter under system fault condition. So we have developed an instantaneous value based fast simulation model that can handle with both short-term and relatively longer-term analysis..
Introduction
The integration of wind generator system (WG) has large influences over a variety of operational conditions. These operational conditions vary from short-term, such as a transient behaviour during a fault, to longer-term, such as power fluctuation under a normal operation. In order to harness WG successfully, the impact of WG must be analyzed in both short and long term. As a result, both short-term and long-term simulation models for WG are required, and it is high burden in view of cost and maintenance.
For longer-term analysis, the focus point is mainly active and reactive power swing due to wind fluctuation, and a simulation model based on root mean square value (RMS) is suitable. There are already some RMS based simulation tools that can handle with both long and short term analysis, such as MATLAB. But, in short-term analysis, a simulation model for WG should be represented in detail manner, and a model based on an instantaneous value is appropriate. Because, under a fault condition, WG with FRT(fault ride through) function acts in complex manner, and the behavior during a fault condition could have a large impact over a subsequent longer-term situation. It means that a simulation model for WG based on an instantaneous value is suitable.
But it is very time consuming to conduct a long-term analysis with a model based on an instantaneous value.
To solve this problem, we have developed and evaluate a fast simulation model for WG based on an instantaneous value that can handle with relatively longer-term analysis. In this study, we first developed a simulation model for WG to conduct both short-term and long-term analysis. Our aim of the model is to evaluate an impact of WG on utility side. The developed model is doubly-fed type. It includes pitch control, frequency conversion, start-up and shut-down function, and FRT(Fault Ride Through) so that we can evaluate WG under a various operational conditions. Then we applied a simplification method to the simulation model so that the model can handle with relatively longer-term analysis. The method of simplification is to model self-commutated converters in frequency converter as a pair of voltage and current source. The AC side of converter is represented as a voltage source, whereas the DC side of converter is represented as a current source. Through this kind of simplification may be popular in simplifying a self-commutated converters, we do not see any report that evaluates this simplification method under various operational conditions of WG. So, we evaluate this simplification method in this study.
Model Description
First we describe the developed WG model. Fig. 1 shows a conceptual diagram. In this study, we have developed a generalized model of WG, because ① We need to evaluate general effects and behavior of WG in our own power system, ② CEPCO (Chubu Electric Power Co.,Inc) expects some wind farm to come up, and we need to evaluate it. So we have developed a generalized one that can be used in near future.
The model is generalized one, but it is equipped with enough function that can handle with both short-term and relatively longer-time simulation. That is, it contains FRT(Fault ride through), and start-up and shut-down function. 
Controllers of converters
Doubly-fed type generator is equipped with frequency converter to control the power output of generator, the speed of wind turbine and DC voltage level. 
Wind turbine
The wind turbine(WT) model is based on the wind turbines model at cape Tappi in Aomori Japan [1] . Fig. 5 shows the WT model.
Main functions of the model are described below, ① Start-up and shut-down sequences. ② Delay of pitch control. ③ Calculate torque coefficient(Ct) using pitch angle (β) and tip speed ratio (λ). ④ Calculate tip speed ratio (λ) using speed of wind turbine (Ω) and wind speed (Vw). ⑤ Calculate mechanical torque (Tw) using wind speed (Vw) and torque coefficient (Ct). ⑥ Generator model that simulates electric power output (Ps) and electric torque output (Ts). ⑦ Switching equipment that connects generator with power system. ⑧ Simulate pitch angle. The pitch angle is set so that the electric power output (Ps) becomes reference power output. 
Start-up and Shut-down sequence
Fig. 6 shows a start-up and shut-down sequence. The start-up and shut-down sequence is performed based on cutin wind speed (minimum wind speed that WG can operate) and cut-out wind speed(maximum wind speed that WG can operate). Fig. 6 is described below. ① When the wind speed is below cut-in wind speed, the pitch angle of the blade is set to feathering position. ② If the wind speed becomes larger than cut-in wind speed, pitch angle of the blade is set to waiting position. Then frequency converter will start up. ③ When generator speed reaches to its minimum operational speed (Rmin), generator is connected to power system. ④ If the wind speed stays within operational wind speed (cut-in ≦ wind speed ≦ cut-out), WG operates normally. ⑤ If the wind speed becomes smaller than cut-in wind speed, then WG proceeds to shut-down sequence. ⑥ If the wind speed becomes larger than cut-out wind speed, WG proceeds to shut-down sequence. The threshold of cut-out wind speed has multiple levels. The larger the wind speed, the shorter delay time for shut-down is set (Wa<Wb,Ta>Tb). ⑦ If the wind speed is smaller than cut-in speed or larger than cut-out speed, the blade angle is set to feathering position. Then, generator speed slows down gradually. ⑧ If the rotor speed becomes smaller than minimum operating speed, WG stops converter and opens AC circuit breaker. ⑨ Wait until average wind speed becomes low enough to restart. Here, Vs is voltage of generator at stator terminal. VsL is threshold to start FRT(fault ride through) sequence. Ps* is a reference of active power output of generator. Ir is a rotor current. Irmax is a threshold to operate crow bar. 
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Method of Simplification
The frequency converter of doubly-fed wind generator is equipped with self-commutated converters such as IGBT(Insulated Gate Bipolar Transistor). When we conduct a simulation based on an instantaneous value, switching of converters should be simulated. And it requires a small integration time step of some 10 micro second. If we will conduct a longer-term simulation, it will require quite a lot of computation time. So we apply some simplification method for speed up.
The simplification method is based on the assumption listed as below [2] .
(1) At AC side of converter, the voltage is a chopped voltage of DC circuit. So it can be modeled as a voltage source. (2) At DC side of converter, the current is a chopped current of AC circuit. So it can be modeled as a current source.
Under these assumptions, we represent the AC side of converter as a voltage source, whereas DC side of converter as a current source. As we mentioned before, our focus is a WG impact on utility side, so we focused on fundamental frequency. We apply reference voltage for converter (V1abc* in Fig. 2 and Vrabc* in Fig. 4 ) as a level of voltage source at AC side of converter (Fig. 8) . At DC side of converter, Ivrb shows the current source connected to DC circuit. Equation (1) shows that total current of both side of converter is equal.
Where Ivrb is a current injection at DC circuit, Vc is a voltage that represents a AC side of converter, Ic is a current of AC side of converter. 
Evaluation
The evaluation is conducted by simulating a normal operation and fault condition. Our focus point of the evaluation is a computation time and accuracy.
Normal operation (1) Evaluation method
The evaluation is conducted using EMTP-RV(ElectroMagnetic Transients Program Restructured Version). Fig. 9 shows the test system. The wind turbine whose rated output is 2MW is connected to extra high voltage system(EHV). We conducted 600 second simulation and it includes startup, shut-down due to low wind speed, and shut-down due to excessive high wind speed. We have set the integration time step at 1500(micro second) so that the simulation does not become instable. The setting value is obtained by experimental work, and it is intrinsic to individual system. Under these conditions, we evaluated the simplified model in terms of computation time and accuracy. Previously, we have develop a DC-link type WG [3] , [4] . So we have also applied the same simplification, and we evaluate the result for comparison. The computation time of simplified model is reduced to 1/100, and it shows that the simplification method has a significant effect. (b) Accuracy：In order to evaluate the simplified model, we have conducted a variety of operational conditions including start-up and shut-down. Fig. 9 shows the simulation result using a detail model, and we will describe the operation below. ① First, the wind speed equals zero, so WG is disconnected from power system. Then the wind speed goes up close to a rated speed. WG is connected to power system at 50(sec) as the generator speed reaches to its minimum operating speed. ② The wind speed becomes lower again below cut-in wind speed. ③ WG proceeds to shut-down sequence. Blade pitch angle moves to feathering position. ④ Generator speed reduces gradually. ⑤ Generator is disconnected, when generator speed reduces below minimum operating speed. ⑥ Then wind speed goes up again at time 350(sec). ⑦ WG is connected to power system again at time 390(sec). ⑧ The wind speed goes up to over cut-off wind speed. ⑨ Shut-down sequence is started, and blade pitch angle is set to feathering position. Fig. 11 and Fig. 12 show a comparison between detail and simplified model. Fig. 11 shows the power output behaviors of these two models, and the overall behaviors between these two models are quite similar. the output behavior during a start-up, and it also shows that simplified model is quite similar during start-up. As a result, we concluded that the simplified model is accurate enough to simulate normal operation of WG.
Transient situation
Next, we evaluate the simplified model by simulating a fault situation.
(1) Evaluation method
A short time fault with low remaining voltage due to three phases to ground fault is simulated. Under this condition, we assume that the WG keeps connected due to a fault ride through function. (2) Result Fig. 12 and Fig. 14 shows a simulation result. We saw some differences between detailed and simplified model. The differences were mainly found in internal behavior of the generator such as DC voltage (see Fig. 12(3) ). The difference tends to become larger if larger integration time step is applied (see Fig. 14(1) ). But these differences did not effect too much on electric power output of WG (see Fig. 14(2) ). Through it needs experimental work to find appropriate integration time step, we concluded that this simplification is applicable, if the aim of simulation is evaluating the impact of WG on utility side. 
Conclusion
In this study, we have developed a generalized model of doubly-fed type wind generator. Then we applied a simplification method to the developed model. We evaluated the simplification method by simulating both normal operation and fault condition. As a result, we concluded that the developed model and simplification is applicable, if the aim of simulation is evaluating the impact of WG on utility side. In the future, we will use the developed model to make an evaluation of impact of WG in CEPCO's transmission and distribution system.
